Pain, especially prolonged and neuropathic, is the most ubiquitous and expensive disease in the U.S. and worldwide and treatments are inadequate or ineffective and often lead to enhanced pain sensitivity, addiction and poor quality of life. New modalities for treatment are urgently needed but are not forthcoming from pharma. We have proposed that a new approach to drug design is needed which takes into account the changes in the expressed genome that accompany these disease states [1] . In particular, in prolonged and neuropathic pain there is up-regulation of neurotransmitters and their receptors in ascending and descending pain pathways that are stimulatory and therefore enhance the pain perception. From these and other findings, we have hypothesized that the design of a multivalent ligand that has agonist activity at the mu and delta opioid receptors (balanced or favoring or receptors) with antagonist activities at the up-regulated stimulatory receptor (e.g. ligands for neurokinin-1 (NK-1) receptor) all in single ligand, would have potent analgesic activities but without the toxicities of current opioid drugs and without the development of tolerance or addiction.
Introduction
Pain, especially prolonged and neuropathic, is the most ubiquitous and expensive disease in the U.S. and worldwide and treatments are inadequate or ineffective and often lead to enhanced pain sensitivity, addiction and poor quality of life. New modalities for treatment are urgently needed but are not forthcoming from pharma. We have proposed that a new approach to drug design is needed which takes into account the changes in the expressed genome that accompany these disease states [1] . In particular, in prolonged and neuropathic pain there is up-regulation of neurotransmitters and their receptors in ascending and descending pain pathways that are stimulatory and therefore enhance the pain perception. From these and other findings, we have hypothesized that the design of a multivalent ligand that has agonist activity at the mu and delta opioid receptors (balanced or favoring or receptors) with antagonist activities at the up-regulated stimulatory receptor (e.g. ligands for neurokinin-1 (NK-1) receptor) all in single ligand, would have potent analgesic activities but without the toxicities of current opioid drugs and without the development of tolerance or addiction.
Results and Discussion
The design of a multivalent ligand with multiple pharmacophores all in a single molecule requires special considerations in drug design. Each pharmacophore for each target requires a unique structure, and each receptor-binding pocket for each pharmacophore has a unique 3D structural requirement. Each unique pharmacophore must be in the designed ligand and they must not interfere with each other when they bind to their respective receptor/acceptor. Therefore, the issues of potential overlapping pharmacophores or separated pharmacophores by appropriate biocompatible linkers must be considered as part of the design process. Though we have had failures, we also have had several successes. Here we will discuss the design and biological properties of trivalent ligands that have mu and delta opioid receptor agonist activity and neurokinin-1 receptor antagonist activity, all in a relatively simple peptidomimetic scaffold that crosses the blood brain barrier.
Our specific design of multivalent ligands is quite simple because there is much that we and others in the literature have done in examining the SAR of mu and delta opioid agonists and NK-1 receptor antagonists. Among the key pharmacophore structural moieties for mu/delta agonists is a free amino terminal group, and the NK-1 receptor antagonists require a specific nonpeptide moiety at the C-terminal. Thus a linear peptide serves both pharmacophores well with an intervening linker or address moiety.
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Fig. 1. Design of Mu-Delta Opioid Receptor Agonist, NK-1 Receptor Antagonist in a Multivalent
Ligand.
In our design we used a linker amino acid that also serves as an address for all three receptors. In Table 1 , we provide the structures of three of our lead peptides which serve as the basis for what led us to attain a ligand with all the desired biological properties and none of the toxicities or development of tolerance or addictive behaviors found in current opioid drugs. The results of binding at human delta and mu receptors and at human and rat neurokinin receptors are provided. Note that compounds and 1 and 2 are delta opioid receptor selective, while 3 is mu opioid receptor structure selective.
We also have examined second messenger cAMP activities and efficacies, as well as MVD and GP1 tissue assay activities (for 1 and 2 see references [2] and [3] for data). In all cases, the compounds are agonists at opioid receptors and antagonists at neurokinin 1 receptors (for 3, manuscript in preparation). Extensive in vivo studies of analgesic activity in acute and neuropathic pain models have been made. To summarize, our 3 compounds show potent analgesic effects in both acute and neuropathic pain models given i.p. or given i.v., and all three compounds cross the blood brain barrier.
In addition, we have demonstrated that these ligands have none of the toxicities associated with morphine long term use including: 1) no motor impairment; 2) no development of tolerance after several days of administration of drug; 3) no development of place preference, an assay for addiction potential after several days of administration; and 4) no inhibition of gut transit (constipation) as well as others [3, 4, 5] .
We are very excited about these findings which strongly suggest that this multivalent approach to drug has great potential for the development of novel drugs for the treatment of prolonged pain without toxicities or the development of tolerance, and our approach can find applications to other degenerative diseases. 
